C oronary artery disease (CAD) risk factors have been incorporated into algorithms for risk assessment, such as the Prospective Cardiovascular Münster (PROCAM) study (1) and Framingham risk equations (2, 3) . However, many CAD events occur in the absence of known risk factors (4, 5) , while most individuals who never develop CAD have one or more risk factors (6) . For this reason, identifying new risk factors is considered to be important for enhancing sensitivity and specificity of risk algorithms (4) (5) (6) . In 2007, several reports (7) (8) (9) brought the potential use of genetic markers in CAD risk assessment and stratification closer to reality.
GENETICS OF CAD
Family history of CAD in first-degree relatives is associated with an increased risk of CAD (10) . However, defining this risk at the DNA level has been elusive. Genetic predisposition to CAD may comprise multiple, relatively common genetic variants, each with small to modest effects that, alone or in combination with modifier genes or environmental factors, modulate the risk of disease (11) (12) (13) (14) . This has been called the 'common disease-common variant' model (15) . An alternative model, called the 'heterogeneity' model, maintains that genetic predisposition to common diseases in some patients is caused by rare genetic variants (14) . Such rare variants explain the extreme versions of quantitative traits related to the disease. Because carriers of such mutations are found at the extremes of the distribution of the trait, this model would explain risk for a relatively small proportion of patients (10) . In contrast, the 'common disease-common variant' model invokes common genetic variants that are found at a higher frequency and may affect a larger proportion of patients. Each individual variant has a small effect, but cumulatively, variants may exert a large effect and, thus, may explain susceptibility among individuals clustered around the centre of Gaussian distribution of a quantitative trait (16) . In reality, a blend of both models likely explains the genetic basis of CAD.
EVALUATING GENETIC DETERMINANTS OF DISEASE
Genetic linkage and association studies have endeavoured to implicate genes that may predispose patients to CAD end points, such as myocardial infarction. Historically, the most common approach was the study of a single gene using case-control designs. Hundreds of DNA polymorphisms in scores of genes encoding proteins involved in lipid metabolism, thrombosis and vascular biology have been associated with increased CAD risk (17, 18) . Limitations of candidate gene association studies are well known (18) . Recent genome-wide association (GWA) studies suggest the existence of genetic markers consistently associated with CAD that may be translated into useful predictive tests (7, 19, 20) . In addition, unbiased GWA studies have the ability to detect previously unsuspected associations (7, 19) . Finally, GWA studies examining the genetic basis of traditional risk factors, such as lipid concentrations, may also contribute to a predictive test (20, 21 Family history is a risk factor for coronary artery disease (CAD). However, defining this risk at the DNA level has been elusive. In 2007, four genomewide association studies reported a strong association between CAD and a region on chromosome 9p21. The high-risk genotype was identified in up to 30% of individuals, creating the potential for a clinical genetic test to assist in the calculation of a patient's CAD risk. However, the reported effect size of the association is modest (OR of approximately 1.3). The present paper examines the feasibility of including DNA tests in CAD risk prediction algorithms. The greatest contribution from the 9p21 association is likely yet to come, as further studies identify the mechanistic basis for the association, possibly leading to additional insights into the progression, prevention and treatment of CAD. Chromosome 9p21: A CAD locus discovered by GWA studies The Wellcome Trust Case Control Consortium explored genetic associations of several complex diseases, including CAD (7, 19) . A powerful association of CAD was observed with a region on chromosome 9p21.3. The strongest signal was seen with SNP rs1333049 (P=1.8×10 -14 ), but association was seen for other SNPs across more than 100 kilobases. The RR for the susceptibility genotypes was approximately 1.4. This region harbours genes encoding two cyclindependent kinase inhibitors, CDKN2A (encoding p16 INK4a ) and CDKN2B (p15 INK4b ), although SNP rs1333049 was outside both genes. Eight other loci were found to be strongly associated with CAD (7) . A further analysis of the Wellcome Trust Case Control Consortium and a sample of German subjects (19) identified several CAD-associated loci, with chromosome 9p21.3 SNP rs1333049 having the strongest association in both samples (P=1.80×10 -14 and P=3.40×10 -6 , respectively) (19) . Two other GWA studies from 2007 supported the association of CAD with markers on chromosome 9p21: a 58-kilobase interval was associated with CAD in six samples (9) and an SNP in this region was associated with myocardial infarction (8) . Each study showed a relative CAD risk of approximately 1.4, with strongest associations observed with SNPs outside the known genes. A recent report (22) confirmed the CAD association with 9p21 in a Korean population with a risk ratio of approximately 1.3. There is no biological explanation yet for the chromosome 9p21 SNP associations with CAD; indeed, new aspects of biology may be involved (9) . Despite such modest ORs, the findings' consistency suggests a special relationship between CAD and chromosome 9p21 (GWA data are summarized in Table 1 ).
HOW MANY GENOTYPES MAY BE REQUIRED TO PREDICT CAD RISK?
The population-attributable fraction (PAF) is defined as the proportion of disease cases in a population resulting from a particular risk factor (16) . A risk factor cluster with PAF of 30% to 50% would be considered to have excellent potential for clinical use. But how many genetic variants will be required to produce such a PAF for CAD? Very large numbers -up to 100 or more -of rare genotypes (eg, those with a frequency of less than 1%) would be required to explain a PAF of 50%, even if the risk ratios for each variant are large (ie, 10 to 20). On the other hand, approximately 20 genotypes are needed to explain 50% of the burden of a disease in the population if the predisposing genotypes are common (more than 25%), even if the individual risk ratios are relatively small (ie, 1.2 to 1.5) (16). As a further illustration, imagine a genotype with a frequency of 10% in the population that has a risk ratio of 1.5 for development of CAD. The number of markers with such a risk ratio and genotype frequency needed to explain a PAF of 50% ranges between 15 and 20. In contrast, if the at-risk genotype frequency is 30% and the risk ratio is 1.5, the number of different genotype markers to explain a PAF of 50% decreases to approximately seven (16) . This illustrates the potential use of relatively small numbers of common genotype combinations in predicting CAD, assuming that such markers exist.
WILL GENETIC TESTING BE CLINICALLY USEFUL?
For a diagnostic test to enter the clinic, it must provide additional predictive power over and above traditional risk factors that are easily and inexpensively measured (23) . One method to evaluate added diagnostic or predictive value of a test is the receiver-operating characteristic curve (24) . The predictive power of a diagnostic test can be evaluated by the area under the receiver-operating characteristic curve (AUC) (24) . A perfect test has an AUC of 1, while a test with no discriminatory power has an AUC of 0.5 (24 (27) created a weighted model for CAD susceptibility based on four genotypes and three environmental interaction components. The resulting AUC was significantly better than that using traditional risk factors alone (AUC of 0.72 versus 0.62, P=0.01). However, as the authors stated, evaluating the effectiveness of a model based on the data that produced the model is perilous, and replication in different samples is required (27, 29) . Kathiresan et al (28) did not observe a significant change in the AUC between a 14 clinical covariate risk-prediction model with or without the addition of genotype information in nine cholesterolassociated genes. In a second retrospective analysis, Kathiresan et al (28) examined the number of individuals who would have been reclassified from the middle-to high-risk group (34 of 340), and five of these 34 subsequently had an event using a new statistic called the 'net reclassification improvement' (30) . Many statisticians are supporting the validity of the statistic but caution that it does not fully address all factors required to determine whether a test should be in clinical use (31) (32) (33) .
SUMMARY
Advances in molecular genetics have made large-scale GWA studies of CAD a reality. The CAD-associated locus on chromosome 9p21 has generated considerable excitement. However, this locus may represent the 'low hanging fruit' for genetic susceptibility to CAD. Subsequent studies to find additional significantly associated markers with even more marginal RR ratios (eg, approximately 1.10 or smaller) require hundreds of thousands of patients; the clinical relevance of such markers would be even less obvious. Clinical practice guidelines currently dictate that a patient's management is based on the evaluation of traditional risk factors. It is possible that the inclusion of a genetic test could shift an individual between risk strata, affecting treatment decisions. However, before any such test is applicable to clinical practice, the finding must be applicable across populations, not to mention the implications on cost for testing and medication, possible negative consequences of over-treatment, and testing of the success of potential therapies. Further research to understand the architecture of genetic susceptibility, characterize the pathophysiological mechanisms underlying genetic associations, define interactions between genetic variants and the environment, discover new forms of variation and validate genetic associations across additional populations are all required before routine genotyping for CAD risk can be considered ready for 'prime time'. 
